INTRODUCTION
Among the concerns of the electric power generation industry is that related to the structural integrity of their equipment; in particular, the turbine due to the involved costs in case offailure. Although different parts ofa turbine may fail, the rotor is the component to care a!>out since, on one hand, it is subject to large stresses and, on the other, its failure may lead to severe damages; therefore, various tools have been developed to provide information for its safe operation [1] .
The purpose of this work is to describe a system that has been used as part of one of the above mentioned tools; namely, ultrasonic nondestructive evaluation. Also, to show the results obtained from its test during the boreside inspection of the high and intermediate pressure sections ofa 150 MW. turbine rotor.
The system is portable and its integration includes a mechanical device that crawls within structures with cylindrical geometry, an ultrasonic head with three sensors to propagate beams along different directions, and the hardware required for control and data acquisition through an mM compatible personal computer, which is used, additionally, for data analysis. The description of these components is contained in the next section, while the results of the inspection are shown in the last section.
DESCRIPTION
The mechanical device is used to position the ultasonic head along the axis of the rotor and, also, to rotate it around 3 grees so that the bore surface may be scanned. The translation as well as the rotation of the head is achieved through stepper motors mounted on the device, which consists of two cylindrical cages that slide one through the other.
Each cage is assambled with three carbon fiber rods to keep two disks, the top and the bottom, together; in addition, the rods are used as sliding guides for the other cage. Each disk houses three pneumatic pistons connected through a channel and the disks corresponding to a cage are connected to the same line of air, so that the pistons of a cage are simultaneously activated.
One of the cages carries a stepper motor, fastened to one of the disks, whose shaft is connected to the ultrasonic head and, thus, will be responsible for the rotational motion; the other disk holds a nut mounted on a threaded bar. The other cage has the threaded bar along its axis, with one of its ends inserted in a bearing, fitted to one of the disks, and the other connected to the shaft of another stepper motor; this motor is fastened to the other disk and it will be responsible for pulling or pushing the former cage.
Thus, by apropriately sequencing the activation of pistons and stepper motors, the self-centering mechanical device will perform rotations and worm-like translations to place the ultrasonic head at a given location within the rotor. Both motors, as well as the pneumatic valve, are controlled through an IBM compatible personal computer (PC) so that the scanning is programable.
The ultrasonic head currently contains three commercial non-focused ultrasonic transducers with central frequencies at 2.25 and 5 Mhz, mounted on a base perpendicular to the axis of the rotor so that a 360 degree rotation of the head yields the inspection of a slice whose thickness is determined by the frequency of the transducers. Additionally, the amplitude has been chosen to insure that at least 100 millimeters, measured from the bore surface, of the rotor body are inspected. The coupling is achieved through a water column which is maintained with the help ofa controlled flow pump.
The orientation of the transducers is such that the incident pulse, upon refraction, propagates radially in the rotor while the other propagates at a 45 degree angle to the radial direction; these beams will be responsible for the detection of inhomogeneities in the body. It should be noted that rotation of the head takes into account the width of the ultrasonic pulses so that the angular positions must be such that the whole volume of interest is inspected; in this case, the positions are chosen so that the individual "cells" conforming the body overlap. The orientation of the third one is such that it generates a surface wave that will detect the inhomogeneities contained in a shell around the bore. It should be mentioned that the thickness of the shell is such that it overlaps with the volume covered by the former transducers.
The mechanical device as well as the ultrasonic head are connected to the PC by an "umbilical cord" carrying hoses for the air and the couplant, and cables for the motors and the transducers. Figure 1 shows a photograph of the device, already within the bore, as well as the "umbilical cord".
In addition to the hardware required by the PC, to control the stepper motors and the pneumatic valve, a multiplexer for the ultrasonic transducers has been constructed, since the system relies on a commercial single channel pulser/receiver; the hardware is assambled on two boards, each connected to an expansion slot and addressable through a port. Figure I . Photograph of the mechanical device "tail" already within the bore; note the hoses and cables conforming the "umbilical cord".
The system also includes a high speed analog to digital converter (ADC), connected to a slot, so that the received signal is digitized and stored in the PC for its analysis; it should be noted that the conversion rate and precision of the ADC are important since they will determine, on one hand, the speed of the inspection and, on the other, the spatial resolution along the radial direction.
The computer programs, to control the positioning of the ultrasonic head and for data acquisition, have been developed in Windows and, presently, run on a 386-based PC, which is also used to do an amplitude analysis of the received signal. Although the mechanical device may be programmed to perform sequences of axial and angular steps, the sequence may be interrupted at any moment and since the step size is also programmable then a finer or coarser motion can be obtained [2] .
RESULTS
The described system has been tested during the inspection of the high and intermediate pressure sections of a 150 MW. steam turbine, whose longitudinal cross section is shown in Figure 2 [3].
Before the system was introduced into the bore, an amplitude/distance curve (DAC) was obtained for each transducer using a steel calibration block of 155 nun. inner diameter, 252 mm. outer diameter and 150 mm. wide, with holes of various diameters, drilled to different depths in the body, and several notches on the inner surface. The obtained data was used to set up alarm triggering levels indicating the presence of inhomogeneities and, thus, be able to do a fine scanning around them for echodynarnical purposes.
The system was introduced into the bore from the generator side of the rotor, since the governor side was closed. The mechanical device was programmed to perform axial steps of2.5 millimeters and angular steps of 1.8 degrees, at each position the transducers were triggered and after digitized, the received signal was analyzed to determine if the amplitude was smaller than the smallest amplitude of the DAC, at all times; otherwise, the alarm was triggered and the motion of the mechanical device was interrupted to do a finer scanning by changing the step sizes. In this manner, it was possible to obtain the approximate size and orientation of the two inhomogeneous regions found during the inspection; one at ]037 mm. and other at 2010 mm. from the entrance on the generator side, the angular position, the depth and their length are provided in Table I The analysis of the echodynamical profiles for these indications leads to the conclusion that both are inclusions, produced during manufacture, of 1 mm. in diameter and parallel to the axis of the rotor.
